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The Problem: Energy Independence. 
Part of The Energy Solution … Plant Biomass

Synthetic Biology: Interdisciplinary Approach to 
Engineering Biological Systems
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Growth kinetics and yield of Geobacillus  
thermoglucosidasius M10EXG 
under three oxygen conditions (+O2: aerobic growth, + μO2: micro-
aerobic growth, -O2: anaerobic growth). 

Flux Balance Analysis of Glucose Metabolism 
Under Micro-aerobic 
Growth by G. thermoglucosidasius M10EXG.

G. thermoglucosidasius M10EXG  
Chromosomal Map 

Fuel Map: Engineering Butanol 
Production Pathway 

ACoA, acetyl-coenzyme A; 
CIT, citrate; 
E4P, erythrose-4-phosphate; 
C1, 5,10-Me-THF; 
F6P, fructose-6-phosphate; 
G6P, glucose-6-phosphate; 
6PG, 6-phosphogluconate; 
ICT, isocitrate; 
MAL, malate; 

OAA, oxaloacetate; OXO, 2-oxoglutarate; 
PEP, phosphoenolpyruvate; 
PGA, 3-phosphoglycerate; 
C5P,  ribose-5-phosphate (or ribulose-5-

phosphate or xylulose-5-phosphate); 
S7P,  sedoheptulose-7-phosphate; SUC, 

succinate; 
T3P, triose-3-phosphate; 
PYR, pyruvate. 
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1.  Metabolite yield unit, mol metabolites 
mol-1 glucose. Biomass yield unit, g 
biomass g-1 glucose. 

2.  Small amount of succinate was also  
detected. 

3.  Max yield for each metabolite was  
predicted by single optimization using 
Simpheny.  The model assumed the  
glucose uptake rate equal to 5mM hr-1g-1 
biomss. 

Biomass growth. Fig A (◊: 
aerobic; : micro-aerobic; 

: anaerobic); Extra-cellular 
metabolite production.  
Fig. B: aerobic; Fig. C: micro-
aerobic; Fig. D: anaerobic (": 
acetate; !: Lactate; #: formic 
acid; $: ethanol). 

Figure B Figure C Figure DFigure A

COG Code COG Function Definition 

[A] RNA processing and modification 

[B] Chromatin structure and dynamics 

[C] Energy production and conversion 

[D] Cell cycle control, cell division, chromosome partitioning 

[E] Amino acid transport and metabolism 

[F] Nucleotide transport and metabolism 

[G] Carbohydrate transport and metabolism 

[H] Coenzyme transport and metabolism 

[I] Lipid transport and metabolism 

[J] Translation, ribosomal structure and biogenesis 

[K] Transcription 

[L] Replication, recombination and repair 

[M] Cell wall/membrane/envelope biogenesis 

[N] Cell motility 

[O] Posttranslational modification, protein turnover, chaperones 

[P] Inorganic ion transport and metabolism 

[Q] Secondary metabolites biosynthesis, transport and catabolism 

[R] General function prediction only 

[S] Function unknown 

[T] Signal transduction mechanisms 

[U] Intracellular trafficking, secretion, and vesicular transport 

[V] Defense mechanisms 

[W] Extracellular structures 

[Y] Nuclear structure 

[Z] Cytoskeleton 
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